Objective: Although protein-calorie malnutrition and associated weight loss have been demonstrated in chronic obstructive pulmonary disease (COPD), the reasons for weight loss, as well as the relation of weight loss with hormonal and inflammatory markers is not clear. Therefore, the present study aimed to investigate the reasons for weight loss in COPD patients and the relation of weight loss with hormonal/inflammatory markers and hyperinflation.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a progressive and inflammatory disease characterized by chronic airway limitation. While, attention was paid on airflow limitation in the previous years, today systemic inflammatory component of the disease is in the fore front. The main change in the concept, concerning the definition of this disease, in time is the understanding that COPD is not only a disease limited to the lungs but is also a systemic inflammatory disease (1) (2) (3) .
Despite various hypotheses on how and why systemic inflammation occurs in COPD, it has not been completely clarified. However, whatever the mechanism is, studies demonstrated that systemic inflammation in COPD might lead to various comorbidities such as change in body composition, osteoporosis, cardiovascular system diseases and diabetes mellitus (2-5).
Changes in body composition (lean body mass, fat mass and bone mineral density), which is considered as an important comorbidity, can also be seen in COPD patients without clinically significant weight loss (6, 7) . Although the reasons for body composition changes are not clear, increase in energy consumption associated with respiration and negative energy balance caused by impaired metabolic and functional capacity, which develop in line with increase in respiratory work, are used to explain this change (8) .
In the literature, studies on systemic inflammation and body composition changes in COPD have investigated numerous inflammatory markers but a definite judgment could not be made (3, 4, 9) . The aim of the present study is to try to provide a better understanding of the reasons for weight loss, which unfavourably influences the prognosis of the patients, by investigating the relation of body composition changes in patients with stable severe COPD with leptin, adiponectin, ghrelin, tumour necrosis factor (TNF)-alpha levels and pulmonary functions.
METHODS
The study was approved by the Local Ethics Committee with the decision dated 04.06.2008 and no. 2008/58. All patients included in the study were informed prior to the study and their consents were obtained.
The study included 60 COPD patients, who have been receiving optimum medical treatment for at least 2 years and had stable disease for 6 weeks, and were admitted to the Chest Diseases Outpatient Clinic between May and September 2009, and 20 healthy controls. The diagnosis of COPD was made based on the GOLD 2009 criteria (post bronchodilator FEV 1 /FVC <70% and FEV 1 <80%) and patients with severe COPD were identified based on the same criteria (FEV 1 <50%). Detailed anamnesis was taken from all participants and physical examination was performed.
Patients with one of the following conditions were excluded: 1) Receiving nutritional support, 2) Receiving oral or inhaled corticosteroid therapy, 3) Having comorbidities such as diabetes, hyperthyroidism, hypothyroidism, chronic renal insufficiency, rheumatoid arthritis, and systemic lupus erythematous that may intervene with the outcomes, 4) Having lower respiratory tract infection or COPD attack in the last 6 weeks.
Pulmonary Function Tests
Spirometric tests and lung volume measurements of all subjects were done in accordance with the criteria recommended by the European Respiratory Society using a computer-assisted spirometry (Vmax22D, Sensor Medics, California, USA). FVC, FEV 1 , and FEV 1 /FVC ratio were measured and the absolute values and the percentage of expected values of these parameters were analysed. Lung volumes of the patients were measured by multiple-breath nitrogen washout method. A FRC higher than 120% was considered as hyperinflation (10) . Arterial blood gas analysis (cobas b 121, Roche, Mannheim, Germany) was performed on blood samples taken from the radial arteries of the patients, and pH, partial arterial carbon dioxide pressure (PaCO 2 ), partial arterial oxygen pressure (PaO 2 ), bicarbonate (HCO 3 ) and oxygen saturation parameters were assessed.
Anthropometric Measurements
With regard to anthropometric measurements, height and weight of the subjects were measured by the same person while the patients were in standing position with empty stomach using standard measuring instruments. Lean body mass (LBM) and fat mass (FM) were measured by single-frequency (50 kHz) bioelectric impedance analyser (Body Fat Analyser, model TBF 300, Tanita, Tokyo, Japan). Body mass index (BMI) was calculated using Quetelet index, dividing the patient's weight by square meter of the patient's height (weight/height 2 ) and presented as kg/m 2 . The patients were divided into three groups according to BMI (Group 1 BMI <20; Group 2 BMI= 20-25; Group 3 BMI >25).
Biochemical Analysis
Blood samples were taken between 08.00 and 09.00 in the morning after 12-hour fasting. TNF-alpha, leptin, adiponectin, and ghrelin concentrations were studied by ELISA (Enzyme-Linked Immunosorbent Assay, Organon Teknika, Durham NC, USA) device. Prealbumin and transferrin levels were studied by immunoturbidimetric method in cobas 501 (Roche Diagnostics, GmbH, Roche, Mannheim, Germany) autoanalyzer.
Statistical Analysis
For the analysis of continuous variables, data were tested for normal distribution and it was observed that the variables were not distributed normally. Therefore, nonparametric methods were used for statistical analysis. Whilst paired group comparison was done by Mann-Whitney U test, comparison of more than two groups was done by Kruskal-Wallis H test. Dunn's post-hoc test was used to determine the group which caused the difference. Correlation between variables was investigated by calculating Spearman's Rho coefficient. Statistical analysis was done using SPSS v. 11.5.1 and STATISTICA v. 6.1 package program. In statistical analysis, difference with a p<0.05 was considered significant.
RESULTS
Demographic and functional characteristics of the patient and control groups are presented in Table 1 .
Biochemical and endocrine parameters of COPD patients that were divided into three groups (BMI <20, BMI: 20-25 and BMI >25) and comparison of these parameters according to body mass index are demonstrated in Table 2 .
Leptin levels were significantly lower in COPD patients as compared to the control group (p=0.001) ( Table 1) . In subgroup analysis, leptin levels were found to be significantly lower in COPD patients with a BMI <20 as compared to the other COPD patients and the control group (p<0.001). Correlation analysis revealed a positive correlation between serum leptin levels and BMI (r=0.522 and p=0.0001) and lean body mass (r=0.408 and p=0.001).
Whilst there was no difference between overall patient groups and the control group in terms of adiponectin levels, it was observed that adiponectin levels were statistically significantly lower in the group with a BMI <20 as compared to the group with a BMI >25 (p=0.031). Serum adiponectin levels were positively correlated with BMI (r=0.314 and p=0.005) and lean body mass (r=0.343 and p=0.007).
Ghrelin levels were significantly lower in the overall patient group as compared to the control group (p=0.003). In subgroup analysis, only the difference between Group 2 (BMI: 20-25 kg/m 2 ) and control group (p=0.007) was significant.
With regard to the correlations between pulmonary function tests and body composition, endocrine and biochemical parameters in COPD patients (Table 3) , a positive correlation was determined between FEV 1 (%) and BMI (r=0.259 and p=0.046) ( Figure 1 ) and leptin levels(r=0.284 and p=0.028).
While inspiratory capacity (IC) was positively correlated with lean body mass (r=0.309 and p=0.016), leptin (r=0.338 and p=0.008), and adiponectin (r=0.401 and p=0.002) levels (Figure 2, 3) , a negative correlation was determined with TNF-alpha (r=˗0.356 and p=0.005). There was also a negative correlation between total lung capacity and TNF-alpha (r=˗0.323 and p=0.012).
When the patients were evaluated with regard to hyperinflation, no difference was observed in terms of BMI, lean body mass, leptin, adiponectin, ghrelin, TNF-alpha, prealbumin, transferrin and CRP levels between patient groups with FRC (%) >120 and with FRC (%) <120 (Table 4) .
DISCUSSION
The present study investigated the relation of body composition changes with endocrine and systemic inflammatory parameters (leptin, adiponectin, ghrelin, TNF-alpha), and pulmonary functions in stable COPD patients. A weak positive correlation was determined between body mass index and airway obstruction, whereas a moderate positive correlation was determined between lean body mass and inspiratory capacity. Leptin and ghrelin levels were found to be significantly lower in patients with COPD. However, no statistically significant difference was determined in terms of TNF-alpha, CRP, prealbumin and transferrin levels.
Leptin is a hormone secreted from adipocytes and basically plays a role in energy consumption, weight regulation through control of appetite and energy balance. In addition, leptin is a proinflammatory cytokine (11) . Reduction in food intake, increase in energy utilization and decrease in body weight have been observed after administration of recombinant leptin in rats with a genetic defect in leptin production. Luo et al. (12) found that BMI, body fat ratio, plasma ghrelin and leptin levels were lower, but TNF-alpha and CRP levels were higher in COPD cases as compared to healthy individuals.
A study that evaluated TNF-alpha and leptin levels and related parameters in COPD patients without weight loss found that leptin levels were increased in patients having a COPD attack, but lower in stable COPD patients versus control group with no statistical difference determined (13) . In another study serum leptin levels were found to be low in COPD patients with a low BMI (14) . Moreover, it was claimed that weight loss in COPD patients does not cause an increase in leptin levels, but contrarily leptin remain at certain levels as a compensatory mechanism to preserve lean body mass in COPD patients (14) .
In the present study, although plasma leptin levels were decreased in COPD patients as compared to the control group, BMI subgroup analysis revealed that plasma leptin levels were lower in patients with weight loss (BMI <20 kg/m 2 ) but higher in the other patient groups (BMI ≥20 kg/m 2 ). In addition, plasma leptin levels in COPD patients were correlated with BMI, lean body mass, FEV 1 and IC. Similar to our results, Eker et al. (15) as well found leptin levels to be lower in the COPD group versus the control group, and determined a positive correlation between leptin levels and BMI. These results suggest that leptin levels are lower in patients with progressive airway obstruction, and decreased inspiratory capacity in other words with enhanced hyperinflation, and that decreased plasma leptin levels might be Table 4 . Comparison of body composition, endocrine and biochemical parameters according to the presence of hyperinflation associated with a decrease in body mass index and lean body mass. In addition, it supports the notion that weight loss in COPD patients does not lead to an increase in circulating leptin levels but contrarily leptin remains at certain levels as compensatory mechanism to preserve lean body mass in COPD patients (14) .
Ghrelin is called as endogenous growth hormone (GH)-related peptide and is secreted from the gastric mucosa. Ghrelin stimulates GH secretion and enables positive energy balance. In the literature, there is limited number of studies on ghrelin. In a study performed in Japan, patients were assigned to two groups (BMI ≥20 and BMI <20), and serum ghrelin, TNF, IL-6 and norepinephrine concentrations were found to be significantly higher in the group with a low weight. Subgroup analysis revealed higher plasma ghrelin levels in the group with low weight compared to the group with normal weight. Plasma ghrelin levels were found to be directly proportional to residual volume (RV) and residual volume/total lung capacity (RV/TLC). As a result, they defended that plasma ghrelin levels were increased in low-weight COPD patients and that high levels were associated with abnormal pulmonary functions and cachectic state (16) . In the present study, while serum ghrelin levels were lower in the COPD patient group in comparison to the control group, subgroup analysis revealed that the difference arouse from Group 2 (BMI: 20-25) an Group 3 (BMI >25). No relation was determined between pulmonary function tests and ghrelin levels. It is accentuated that abnormal ghrelin activity might cause overweight or low weight (17) .
Adiponectin is an adipocyte-specific protein, secreted from visceral adipose tissue and has anti-inflammatory, anti-atherosclerotic and anti-obesity effects. In a study, adiponectin levels were found to be significantly higher in normal-weight COPD patients in comparison to healthy individuals and determined a positive correlation between serum adiponectin levels and residual volume (18) . In the present study, no difference was observed between COPD patients and the control group in terms of adiponectin levels but subgroup analysis demonstrated statistically significantly lower adiponectin levels in the group with a BMI <20 in comparison to the group with a BMI >25 (p=0.031). Furthermore, serum adiponectin levels were positively correlated with BMI (r=0.314 and p=0.005) and lean body mass (r=0.343 and p=0.007), as well as between inspiratory capacity and serum adiponectin levels (r=0.401 and p=0.002).
Although these results suggest that serum adiponectin levels decrease with hyperinflation and low BMI in COPD patients, it is disputable.
In the previous studies, serum TNF-alpha levels were found to be higher in COPD patients as compared to healthy controls (5,12,13,18 ). In addition, it was also demonstrated that TNF-alpha levels were higher in slim subjects as compared to subjects with normal-weight (18). In another study performed in 2006, no significant difference was observed between stable COPD patients with and without malnutrition in terms of serum TNF-alpha levels and, in addition, no correlation was determined between leptin and TNF-alpha levels (19) . In the present study, serum TNF-alpha levels in COPD patient group was not found to be different from that in the control group; however, subgroup analysis revealed higher TNF-alpha levels in the COPD patient group with low-weight (BMI <20 kg/m 2 ) with no statistical significant difference determined. The negative correlation between TNF-alpha levels and IC suggests that the serum levels of TNF alpha increase in parallel with the progression of disease and development of hyperinflation.
With regard to lung volumes, no relation was found between hyperinflation (FRC >120%), and weight loss or biochemical marker levels. However, it is a known fact that IC is decreased along with the development of hyperinflation; in the present study, IC showed a positive correlation with lean body mass (r=0.309, p=0.016), leptin (r=0.338, p=0.008) and adiponectin (r=0.401, p=0.002), but a negative correlation with TNF-alpha (r=0.356, p=0.005). These findings suggest that IC might be more valuable in monitoring patients. It remains unclear whether change in adiponectin levels is a predisposing factor for or a result of pulmonary disease. Although adiponectin levels show a positive correlation with pulmonary functions in healthy individuals, studies, in general, revealed a negative correlation in COPD patients (20, 21) . However, the present study determined a positive correlation between adiponectin and IC in patients with COPD.
CONCLUSION
When the studies in the literature on systemic inflammation and weight loss in COPD are considered in general, it is seen that many inflammatory markers have been associated with weight loss. However, based on all these data, it appears that it remains impossible to explain weight loss clearly. Results of the present study are quite complex and disputable. Further studies are needed to be planned and conducted to understand better the reasons for weight loss in chronic obstructive pulmonary disease.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Mersin University.
Informed Consent: Written informed consent was obtained from patients who participated in this study.
Peer-review: Externally peer-reviewed.
Author contributions: Concept -C.Ö., Ö.C.; Design -C.Ö., Ö.C., L.T., E.S.Ö., S.N.A., A.İ., B.T.; Supervision -C.Ö., Ö.C.; Resource -C.Ö., Ö.C.; Materials -C.Ö., Ö.C.; Data Collection&/or Processing -C.Ö., Ö.C., L.T., H.Y.; Analysis&/or Interpretation -C.Ö., Ö.C., B.T.; Literature Search -C.Ö., Ö.C., E.S.Ö., S.N.A., H.Y.; Writing -C.Ö., Ö.C., E.S.Ö., S.N.A., L.T., A.İ.; Critical Reviews -C.Ö., Ö.C., E.S.Ö., S.N.A., A.İ.
